Theories of international trade have severe difficulties in explaining why, despite i) substantial differences in factor-proportions across industries and ii) considerable cross-country differences in capital-labor ratios, the iii) capital intensity of U.S imports does not vary systematically across countries. We propose a simple explanation: standard trade theories disconnect assumptions about the productivity from other core model parameters. In a standard macroeconomic model, we show that appropriately accounting for the factor-bias of productivity, in conjunction with endogenous capital formation, eradicates the gains from factor-proportions trade and can thus reconcile the three aforementioned stylized facts.
Introduction
Standard theories in international economics predict that open U.S. borders move the production location of labor-intensive goods to labor-abundant countries such as Mexico and China. While recent micro-level studies have tendered some support for this effect (Autor et al. (2014) , Acemoglu et al. (2016) , Pierce and Schott (2016) ), the preponderance of evidence at the macro-level has not been favorable. As Figure 1 shows, the labor intensity of U.S. imports does not vary systematically across countries (Panels B, C and D) . This lack of clear evidence is rather surprising given that a systematic variation across countries is a distinctive prediction of many theories with heterogenous industries, including the neoclassical trade model.
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In this paper we provide a simple explanation for this finding. Studying the neoclassical trade model that embodies the factor proportions trade (FPT) theory, we first provide overwhelming support for its two main assumptions. Namely, Figure 1 reveals both i) substantial differences in factor proportions across industries (panel A) and ii) vast discrepancies in capital-labor ratios across countries (Panels B, C and D). We then address the following question: given that the core assumptions of the FPT theory are true, why does its main prediction fail so badly?
Importantly, we emphasize that altering an often overlooked assumption in the literature eliminates the gains from FPT and thus rationalizes the empirical regularities. While trade economists usually set the elasticity of intermediate goods with different labor intensities to unity for tractability reasons, we make the more realistic assumption that intermediate goods with contrasting production characteristics are complements.
2 Following from this assumption of complementarity, we then set productivity to be higher in more labor intensive industries.
The consequences of changing the allocation of productivity in this manner can be illustrated using two real world examples. When China opens up to trade in the early 1980s, standard models imply substantial output composition shifts toward labor-intensive industries in the country and toward capital-intensive industries in the U.S.. Similarly, when NAFTA is introduced in 1994, production in Mexico should become more labor intensive while production in the U.S. should become more capital intensive. In contrast to such sizable structural breaks predicted by conventional models, the data display rather smooth transitions akin to the ones predicted by our model.
The mechanism that suppresses the gains from trade specialization in the FPT model can be explained by drawing on an important insight from endogenous growth theory. In the case of complementarity between different goods, an optimal production allocation necessitates that goods be produced in similar quantities. Accordingly, more resources must be allocated to those goods that are relatively difficult to produce. Within our framework, more productivity, capital and labor is allocated to less capital-intensive goods as these goods depend more on labor, the relatively scarce factor of production.
Due to the "induced bias of technical change" effect, the relative price of labor-intensive goods falls in proportion to the productivity level in each country such that relative prices across countries are equalized even in the absence of free trade (in autarky). Given the cross-country equalization of relative prices in autarky, the motives for trade specialization are eradicated. By contrast, in the standard FPT setup, there is a difference in relative prices across countries in autarky that translates into a comparative advantage when countries open up to trade. Thus, those countries with a lower relative price of capital-intensive goods start exporting these goods in exchange for labor-intensive goods. Similarly, countries with a higher relative price of capital-intensive goods start exporting labor-intensive goods and importing capital-intensive goods.
Our paper relates to two main literatures. First, we contribute to the literature that seeks to integrate trade dynamics into open economy macroeconomic frameworks. Findlay (1970 ), Mussa (1978 , Ventura (1997) , Cunat and Maffezzoli (2004) , Antràs and Caballero (2009 ), Bajona and Kehoe (2010 ), Jin (2012 , Ju et al. (2014 ), Zymek (2015 and Jin and Li (2017) , amongst others, all integrate FPT-style assumptions into dynamic frameworks. One characteristic of these integrated macro-trade models is that they predict sizable structural breaks in the data. The breaks occur because these models imply pronounced trade specialization patterns that result from comparative advantage. Nevertheless, as Figure 1 demonstrates, the empirical evidence for such predictions is rather weak.
A subset of studies, including Kongsamut et al. (2001) , Acemoglu (2002) , Ngai and Pissarides (2007) and Acemoglu and Guerrieri (2008) for instance, provide mechanisms that can reconcile industry heterogeneity with smooth aggregate economic outcomes in closed economy models. However, as implied, these models do not take into consideration trade specialization as a motive for output composition shifts. By reverting back to the insights of Uzawa (1961), Acemoglu (2002) and Jones (2005) , we illustrate that labor-augmenting productivity can suppress incentives for FPTstyle trade specialization and thus reconcile industry heterogeneity with stable aggregate outcomes in open economy models.
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Second, our paper contributes to the literature that studies the Heckscher-Ohlin-Vanek (HOV) theorem (Vanek (1968) ). This theorem predicts that each country will be a net exporter of the goods and services that use most intensively its abundant factor of production. As Davis and Weinstein (2001) note in an important paper, and as alluded to earlier, this prediction is "spectacularly at odds with the data" although the theory itself is elegant and intuitive. We argue that capital abundance is endogenous to technical progress, with productivity being allocated in a way that overcomes factor scarcity. Consequently, factor abundance does not imply a comparative advantage in goods for countries that intensively use this factor.
Our study is complementary to those works attempting to explain this "missing trade" result. Caron et al. (2014) show that the introduction of nonhomothetic preferences in the context of a HOV production structure can resolve this puzzle. Our analysis is also related to the work of Struck and Velic (2016) who, using a dynamic macroeconomic model, illustrate that the gains from intra-industry trade in labor-and capital-intensive goods suppress the gains from FPT-style specialization.
The remainder of the paper is structured as follows. Section 2 outlines the theory and explains the underlying mechanism of our model. In Section 3, we employ numerical simulations to illustrate the main results. Finally, Section 4 concludes.
n ∈ {1, 2} in country i ∈ {H, F} produces Q i n units of good n using a combination of capital and labor inputs. Specifically, output is given by the Cobb-Douglas production function
where A i denotes country-specific total factor productivity and α n is the capital intensity of sector n.
Assumption 2a: Productivity is factor-neutral.
Optimization with respect to capital and labor leads to the first-order conditions
and
where r i n and w i n denote the return to capital and wage rate of sector n in country i. After rearranging Eq. (6), we obtain
We now parallel this subsection with a subsection on an augmented FPT model characterized by labor-augmenting productivity.
The Augmented FPT Model
We now introduce the augmented FPT model. We set up this model in a spirit similar to that of the closed economy models of heterogeneous industries put forward by Acemoglu (2002) and Acemoglu and Guerrieri (2008) , amongst others. A representative firm in the perfectly competitive intermediate sector n ∈ {1, 2} in country i ∈ {H, F} produces Q i n units of good n using a combination of capital and labor inputs. Specifically, output is given by the Cobb-Douglas production function
where A i denotes country-specific labor productivity and α n denotes the capital intensity of sector n. The assumption of country-specific productivity is supported by evidence indicating that the level of productivity varies strongly across countries (see for example Hall and Jones (1999) ). The assumption that productivity is labor-augmenting can be endogenously derived in this class of models and follows directly from Assumption 1 as shown by Uzawa (1961).
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Assumption 2b: Productivity is labor-augmenting. 8 We also refer the reader to Acemoglu (2002) and Jones (2005) on labor-augmenting productivity. In Appendix C, we briefly illustrate an endogenous growth foundation behind the assumption of labor-augmenting productivity in the class of models that we use.
Optimization with respect to capital and labor leads to the following first-order conditions
where, once again, r i n and w i n are the returns to capital and labor respectively in sector n of country i. After rearranging Eq. (10), we obtain
Consumers
The representative consumer of country i maximizes lifetime utility given the resource constraint by selecting aggregate consumption, C i , and allocating capital and exogenously given labor across sectors. In particular, the problem is
subject to the period-budget constraint
where β is the discount factor, t is time, and I i is aggregate expenditure on investment. 9 The maximization problem is constrained by the consumers income and the market clearing conditions introduced in subsection 2.5 below. The consumer earns income from working in both sectors and providing capital to each sector. The constraint is binding such that consumer income must equal expenditure. In contrast to the standard Heckscher-Ohlin model, the final good can be used for both consumption and investment. Capital is endogenously accumulated in each sector with
where, at any point in time, total investment equals the sum of sectoral investments, i.e. ∑ n I i n,t = I i t , and δ is the capital depreciation rate. In the zero growth steady state, any variable Z is constant over time, i.e. Z t+1 = Z t . The following standard equations therefore hold,
We now present the market clearing conditions and remaining equations that both models (the baseline FPT model and the augmented FPT model) have in common.
Market Clearing
The clearing of factor markets implies that the sum of sectoral capital stocks and the sum of sectoral labor supplies yield the aggregate capital stock and labor supply. Formally,
The inter-industry mobility of labor and capital implies that each factor of production earns the same return across industries. Formally,
and 
where we assume domestic and foreign prices are equalized as a result of free trade i.e. P i n = P ¬i n . To close the free trade models, we assume that there is zero net trade, consistent with a long-run budget constraint. Formally, n=1,2
Static Equilibrium
We solve a total of four models as we have two states of nature (autarky and free trade) as well as two model classes (baseline and augmented). We solve for the standard equilibrium with perfect competition, consumer and firm optimization, market clearing and zero net trade. To summarize, the equilibria of the two models in each state are defined by:
system of equations: Eq. (3); Eq. (4); Eq. (18); combined Eqs. (20) and (7); combined Eqs. (21) and (6); combined Eqs. (22) and (5) (one for each sector); combined Eqs. (8) and (17) (one for each sector).
system of equations: Eq. (3); Eq. (4); Eq. (18); combined Eqs. (20) and (11); combined Eqs. (21) and (10); combined Eqs. (22) and (9) (one for each sector); combined Eqs. (12) and (17) (one for each sector).
Free Trade
The Baseline FPT Model given parameters:
system of equations: 2x Eq. (3); 2x Eq. (4); 2x Eq. (18); 2x combined Eqs. (20) and (7); 2x combined Eqs. (21) and (6); combined Eqs. (23) and (5) (one for each sector); Eq. (24); 2x combined Eqs. (8) and (17).
system of equations: 2x Eq. (3); 2x Eq. (4); 2x Eq. (18); 2x combined Eqs. (20) and (11); 2x combined Eqs. (21) and (10); combined Eqs. (23) and (9) When the intermediate goods elasticity is assumed to be below unity, we cannot derive our main effect analytically. We therefore illustrate the main effect numerically in the subsequent section.
Numerical Analysis
In this section we numerically explore the implications of our theoretical frameworks. We stipulate once again that the two models (baseline and augmented) are evaluated across states of autarky and free trade.
Parameter Calibration
In order to conduct the model simulations, we need to select parameter values. Table 1 displays the chosen values. Regarding the common set of parameters across models, we firstly set the capital intensities of intermediate goods 1 and 2, α 1 and α 2 , to 0.56 and 0.33 respectively. These values are consistent with the U.S. data estimates provided in Table 2 . The table divides tradable manufacturing goods (i.e. industries) into two relatively stable fractions, a composite capitalintensive tradable good (1) and a composite labor-intensive tradable good (2). Consistent with Table 2 again, intermediate good 1's share in the final good, γ, is set equal to 0.5.
The elasticity of substitution between intermediate goods, θ, is assigned the value 0.1. Given the complementarity found empirically between capital and labor factor inputs in production (e.g. (2016)), it is natural to assume complementarity between capital-and labor-intensive intermediate good inputs in final good production in our setup. As shown in Table 2 , the consolidated capital-and labor-intensive goods largely overlap with durable and nondurable goods categories. Indeed, Cashin and Unayama (2016) find that durable and nondurable goods exhibit strong complementarity, with an estimated intratemporal elasticity of substitution that is less than 0.21. Others reaching similar conclusions include Pakos (2011) and Cashin (2016). More generally, intermediate goods featuring different production characteristics tend to be complements.
Based on the population sizes of the developed (Home) and developing (Foreign) country samples listed in Appendix A, we set L H = 1 and L F = 5. Caselli and Feyrer (2007) show, as does Table  A in Appendix A, that significant discrepancies in capital-labor ratios exist across countries, with developed economies generally being characterized by higher ratios than developing economies. Thus, overall, one can view Home (i.e. the developed world) as being relatively capital-abundant, and Foreign (i.e. the developing world) as being relatively labor-abundant. Next, we set A H = 4.5 and A F = 1 based on estimates from a Cobb-Douglas production function applied to our sample of countries. Moreover, this parameterization is broadly consistent with findings in the related literature suggesting significant discrepancies in cross-country productivity levels e.g. see Hall and Jones (1999) amongst others. We note that our productivity estimates are derived using a period-average economy-wide capital share of 0.33, roughly consistent with Gollin (2002) and Lawrence (2015) for example. However, very similar parameter values are obtained using the manufacturing sector capital intensity of 0.45 given in Table 2 . Lastly, we assume a relatively standard value for the discount factor β of 0.97, while the capital depreciation rate is set equal to 0.05. As a robustness check, in Appendix D we provide results for the simulation exercise that follows under an alternative set of parameter values.
Simulation Results
Figure 2 numerically illustrates the effect of moving from a state of autarky to a state of free trade across the baseline and augmented FPT models respectively. Panels A and B of the figure illustrate the standard effect of opening up to trade in the baseline FPT model. In the state of autarky (time 1-5), panel A shows that labor-abundant Foreign has a higher relative price of capital-intensive good 1, P 1 P 2 , than capital-abundant Home. Liberalizing trade (time 6-10) induces strong specialization patterns across the two regions in this setting. Foreign begins to specialize in the labor-intensive good while Home begins to specialize in the capital-intensive good. Foreign exports the laborintensive good to Home where its relative price is higher and imports the capital-intensive good from Home where that good's relative price is lower. At the same time, Home does the opposite. Panel A shows that the end result is an equalization of relative prices across Home and Foreign. Correspondingly, panel B demonstrates that, under free trade, the capital-intensity of exports minus the capital-intensity of imports is negative for Foreign, while positive for Home.
Similarly, panels C and D of Figure 2 show the impact of free trade on relative prices and production specialization across Home and Foreign in the augmented FPT model. This time, the panels indicate that relative prices across countries remain equalized in states of both autarky and free trade and that FPT-style trade specialization does not take place upon opening up to trade. The discrepancy in simulation patterns across baseline and augmented FPT models arises as a result of the way productivity is incorporated. In particular, the combination of complementarity between intermediate goods, with the implication that productivity is labor-augmenting, and endogenous capital formation in the augmented FPT model acts to eliminate the gains from FPT-style trade specialization.
The intuition behind the lack of trade specialization as a result of the aforementioned ingredients is as follows. Firstly, the quite realistic assumption of complementarity between goods with different production characteristics implies that these goods should be produced in similar quantities at the optimum. Therefore, more resources must be devoted to goods that are more difficult to produce. Within our setup, more resources are directed toward the production of the good that uses more intensively the relatively scarce factor of production, namely, labor. The implication for productivity specifically is that it must be labor-augmenting or, put differently, biased toward relatively labor-intensive tasks.
10 As resources are distributed in the same fashion in each country, relative prices across countries are equalized even in the absence of trade. Furthermore, the assumption of endogenous capital accumulation ensures that capital is amassed in proportion to the level of technology in each country, thereby maintaining the previous price equalization effect. Since cross-country relative prices are equalized in autarky, no country has a comparative advantage in the production of any good. Consequently, there are no welfare improvement incentives for FPT-style trade specialization patterns under free trade. By contrast, in standard FPT models, there is an ex-ante difference in relative prices across countries. This discrepancy in prices provides the source for gains from trade, and thus motivates pronounced trade specialization in the class of FPT models.
Conclusion
Two-country models with heterogenous industries predict that gains from factor proportions trade (FPT) lead to a strong relation between capital-labor ratios and the capital-intensity of exports across countries. Yet, U.S. bilateral trade data indicate that this relation is rather weak. In this paper, we provide a simple explanation for this well known finding. We contend that appropriately accounting for the bias of productivity in conjunction with endogenizing the capital formation process completely alters the predictions of standard theories and subsequently allows us to rationalize the empirical evidence.
Our analysis demonstrates that changing a seemingly innocent assumption of the standard FPT theory triggers an important interaction that eliminates the gains from FPT-style trade specialization. The assumption pertains to the elasticity of substitution between intermediate goods which has implications for the bias of productivity. We rather realistically assume that intermediate goods with different production characteristics are complements. Within our framework, this ingredient implies that more resources are allocated toward the good that uses labor more intensively, the relatively scarce factor of production. Thus, the implication for the distribution of productivity under complementarity is that it must be labor-augmenting. Under labor-augmenting productivity, relative prices across countries are equalized even in the absence of free trade.
Importantly, since relative prices are equalized in autarky, no country has a comparative advantage in producing any good. Therefore, under our assumption of complementarity, there are no incentives for FPT-style specialization patterns under free trade. In comparison, ex-ante crosscountry relative price discrepancies are present in standard FPT models. Such differences generate gains from trade, and thus lead to predicitions of pronounced trade specialization developments in the class of FPT models. (2016), we obtain measures of inter-industry trade using bilateral international U.S. trade data. The U.S. trade dataset is constructed as follows. Firstly, we combine the U.S. 6-digit North American Industry Classification System (NAICS) trade data of Schott (2008) 11 This completes the final dataset employed in the construction of the different indices of inter-industry trade.
Specifically, the degree of trade specialization in capital-and labor-intensive manufacturing industries across countries is captured by computing trade-weighted measures of revealed comparative advantage (RCA). More precisely, for country i at time t, we define revealed comparative advantage in capital-intensive goods as the trade-weighted capital intensity of exports
where xi,z,t denotes the exports of country i in industry z ∈ Z to the U.S. in period t, Xi,t represents the total exports of country i to the U.S. in period t, and kz,t is the capital intensity of industry z in period t. The trade-weighted nature of the measure implies that the index is insensitive to the digit level of the trade data. In addition, this measure of trade specialization can be derived directly from theory (see Struck and Velic (2016) ). Our definition makes the standard assumption that industry factor intensities are the same across countries. The implication is that factor intensity can be consistently ranked using factor share data for just one country, namely the U.S.. 12 U.S. capital intensity data is used due to its availability and attractiveness, given the size and diversity of the industrial economy.
Consistent with the literature, we put forward three different measures of capital intensity in order to ensure the robustness of our results. These include 1) the logarithm of the real capital stock per worker adopted from Antràs (2016), 2) the share of total capital compensation in value added adopted from Romalis (2004) and Jin (2012) , and 3) the logarithm of the capital to labor expenditure ratio which provides the corresponding spending flows version of 1). Thus, the three RCA variables generated are where "cap" is the total real capital stock, "emp" is total employment, "pay" is total payroll, "vadd" is total value added, and "invest" is total capital expenditure. Finally, we obtain information on aggregate investment, population and GDP from the World Bank's World Development Indicators.
A.2 Country Sample
The 71 countries (U.S.'s bilateral trading partners) in our sample are selected using criteria adopted from Lane and Milesi-Ferretti (2012) . First, we remove all economies with nominal GDP below $20 billion in the year 2007 as small countries can experience high or outsized trade balance volatility. Second, we discard oil-dominated countries as their external trade dynamics are highly dictated by the price of petroleum. The exclusion of these countries eliminates extreme outlier observations that could potentially impede any meaningful analysis of the relation between macroeconomic outcomes and inter-industry trade dynamics. The final list of countries used is as follows To illustrate the main mechanism analytically, we rely on the special case that the intermediate goods elasticity θ equals unity. This assumption turns Eq. (3) into
The price index simplifies to a Cobb-Douglas function,
In the baseline FPT model, combining wage equalization, w i n = w i ¬n , with wages, Eq. (7), and the capital-labor ratio, Eq. (8), yields
Substituting in the steady state condition for capital returns, Eq. (17), and the price index, Eq. (B.2), leads to an expression that highlights the link between relative prices and the country's level of development, Ai:
In particular, this expression shows that the relative price of the labor-intensive good increases with the level of development.
Proposition 1. In the baseline FPT model, the country with the higher level of development has a higher relative price for the labor-intensive good (in autarky). Conversely, the country with the lower level of development has the higher relative price for the capital-intensive good (in autarky). ∎
We next turn our focus to the augmented FPT model. To find an expression for relative prices in this model, we follow the previous procedure, however this time using instead the capital-labor ratio from Eq.(12) and wages from 
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Notes: The capital-labor ratio is given by the log of investment per capita ratio.
Eq. (11). The equivalent of the previous expression for relative prices, Eq. (B.4) , in the augmented FPT model is given by
This expression shows that the relative price of the labor-intensive good does not depend on the level of development. Thus, in the augmented FPT model, a country with a lower level of development has no comparative advantage in labor-intensive goods. Conversely, a country with a higher level of development has no comparative advantage in capital-intensive goods.
Proposition 2. In the augmented FPT model, a country with a higher level of development has the same relative price as the country with a lower level of development (in autarky). ∎
C Extended Model with Endogenous Bias of Technical Change [NOT FOR PUBLICATION]
In a closed economy model based on Acemoglu and Guerrieri (2006, 2008) we highlight an endogenous growth foundation behind Assumption 2b. Consider an economy in which aggregate output is a composite of the output of two intermediate industries n = 1, 2. The output of the intermediate industries can be combined to form a final good that can be used for consumption, investment and research. The intermediate industries differ in their labor intensity. In each industry n, there are Mn,t symmetric firms i ∈ [0, Mn,t] at time t. The number of infinitely living consumers grows at an exogenously given constant rate, n.
C.1 Firms
We now illustrate that labor-augmenting technical change can be an endogenous outcome in this class of models. The final good Yt in the economy is obtained by combining intermediate goods quantities X1,t and X2,t with an elasticity of substitution . Formally, we have
Suppose that the output of each industry is produced by a continuum of monopolistically competitive firms,
where yi,n,t is the output of firm i in industry n; φ > 1 denotes the firm elasticity of substitution; Mn,t is the number of firms in industry n at time t. A firm i in industry n produces output using a constant elasticity of substitution production technology,
where kn,i,t is the capital stock that firm i in industry n uses for production; ln,i,t is the amount of labor used by a firm; Mn,t is still the number of varieties in industry n. Each firm maximizes profits πn,i,t πn,i,t = pn,i,tyn,i,t − wn,i,tln,i,t − rn,i,tkn,i,t. (C.4) where pn,i,t is the price of firm i in industry n; wn,i,t is the price of labor; rn,i,t is the price of capital. The profit of firm i in industry n can be expressed as a function of industry output,
At the industry level, production can be expressed as in the standard setup, that is,
Research production takes the form of
where Zn denotes the research expenditure in industry. Assuming that the value function is differentiable in time, the net present discounted value of profits of monopolist i starting at time t is given by
One unit spent on research in industry 1 leads to b1M1 Y units of new monopolists. One unit spent on research in industry 2 leads to b2M2 Y units of new monopolists. Free entry into research then implies that the profits from new monopolists equals the research expenditures (assuming research expenditure is positive):
which hold as equalities as long as research expenditure is positive.
C.2 Consumers
The number of workers in the economy grows at an exogenously given rate,
All workers have identical preferences over the aggregate consumption good. These preferences can be represented as the utility function of a single consumer:
where ct denotes the per-capita level of real consumption; ρ denotes the time preference parameter; θ is the inverse of the inter temporal elasticity of substitution. Labor is inelastically supplied. The representative consumer faces the following budget constraintK
where X1 and X2 denote the research expenditures in industries 1 and 2, respectively; Ct = Ltct is aggregate real consumption;Kn is the change in the sector n's capital stock; wn is the wage rate; rn is the return to capital; Π denote the economy's profits. The wealth of the consumer, W , is the sum of the aggregate capital stock and the value of the firms in the two industries and is given by
where K = ∑ n Kn; the no-ponzi condition therefore takes the form of
The growth rate of consumption is given byċ
Thus, per-capita consumption growth is constant, as long as
is constant.
C.3 Market Clearing
All factor markets are competitive, thus, capital and labor markets clear,
The sum of firm profits in the two industries equal aggregate profits
Since firms within industries are symmetric, industry output can be expressed as the output of firm i premultiplied by an indicator of the quantity of firms in the industry
Because the key derivation details of this model are contained in Acemoglu and Guerrieri (2006) , we skip the equilibrium definition and mainly focus on how to restore balanced growth in this framework.
C.4 Long-Run Behavior
Profits of the intermediate monopolist are given by
where 1 ψ denotes the marginal costs. Substituting into the previous equation the demand for intermediate goods,
Yn,t, and maximizing with respect to prices, pn,i,t, yields
Profit maximization with respect to, kn,i,t, ln,i,t yields
where rn,i is the return to capital and wn,i is the wage. Assuming no frictions implies that factor returns equalize across firms, i.e. that wn,i = wn,j and rn,i = rn,j. Substituting Eq. (C.20) back into profits leads πn,i,t = 1 φ pn,i,tyn,i,t (C.22)
The economy has a simple representation at the industry level. Industry labor and capital are given by where M 1 φ−1 n,t = An,t. Using firm output as a function of industry output, yn,i,t = Xn,t M φ φ−1 n,t , relative prices, pn,i,t = Pn,tM 1 φ−1 n,t , and factor aggregation, Ln,t Mn,t = ln,i,t and Kn,t Mn,t = kn,i,t, in combination with Eq. (C.21), industry factor returns can be expressed as wn,t = φ − 1 φ (1 − α)Pn,t Xn,t Ln,t and rn,t = φ − 1 φ αPn,t Xn,t Kn,t .
(C.25)
To study the long-run behavior, we rewrite the model in growth rates. We differentiate the key equations (C.24), (C.25), as well as equation (C.9) of the model above with respect to time. The system of equations we obtain iṡ
Eq. (C.27) directly implies thatẊ2 X2 =Ẋ1 X1 =Ẋ X. Given this result, and, assuming constant consumption growth, the real interest rate is constant, i.e.ṙn rn −Ṗ P = 0, Eq. (C.29) implies thatK2 K2 =K1 K1 =Ẋ X. Eq. (C.28) then impliesL1 L1 =L2 L2 =L L. Therefore,
This result for relative productivity growth is also implied by Assumption 2b. To see this, take the time derivative of the production function from Eq. (9)
Solving for relative productivity growth shows that the above result implies a production function with laboraugmenting technical changeȦ 
